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While the braincase of adult Neanderthals had a similar volume to that of modern humans from the same period, differences in endocranial shape suggest that brain morphology differed between modern humans and Neanderthals. When and how these differences arose during evolution and development is a topic of ongoing research, with potential implications for species-specifi c differences in brain and cognitive development, and in life history [1, 2] . Earlier research suggested that Neanderthals followed an ancestral mode of brain development, similar to that of our closest living relatives, the chimpanzees [2] [3] [4] . Modern humans, by contrast, were suggested to follow a uniquely derived mode of brain development just after birth, giving rise to the characteristically globular shape of the adult human brain case [2, 4, 5] . Here, we re-examine this hypothesis using an extended sample of Neanderthal infants. We document endocranial development during the decisive fi rst two years of postnatal life. The new data indicate that Neanderthals followed largely similar modes of endocranial development to modern humans. These fi ndings challenge the notion that human brain and cognitive development after birth is uniquely derived [2, 4] .
We analyzed endocranial shape change from the time around birth to adulthood in a sample of N h = 79 modern humans and N n =15 Neanderthals (Supplemental information). The Neanderthal sample comprises the neonate from Mezmaiskaya Cave [1] , two infants from Dederiyeh Cave with estimated ages at death of 1.6 and 2.0 years, respectively [1] , six specimens documenting late infancy to adolescence, and six adult specimens (Supplemental information). Each specimen was reconstructed with computer-assisted methods, and Shape change from neonate to infant, and from infant to adult morphologies in Neanderthals (H. n.; red) and modern humans (H. s.; green). Gray arrows: difference between neonate modern human and Neanderthal endocrania. Yellow/blue hues indicate the amount of local surface change (positive/negative deviation from isometric expansion) required to reach the endocranial morphology at the tip of the arrow from the morphology at the base of the arrow. Note that species-specifi c differences in endocranial morphology are present already at birth, but that patterns of postnatal endocranial development are largely similar in both species (see Supplemental information).
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Current Biology 26, R641-R666, July 25, 2016 interpolations of missing regions. Endocranial form was quantifi ed with a set of K = 921 three-dimensional anatomical landmarks, and shape variation was analyzed with methods of geometric morphometrics (Supplemental information).
Neanderthals and modern humans have distinct endocranial morphologies already at birth (Figure 1 ). After birth, however, endocranial development in both species follows largely similar trajectories. The trajectories exhibit different early and late phases ( Figure 1A) . In both species, during the early phase the cerebellar fossa, and the temporal and frontal pole regions expand with positive allometry relative to the overall endocranial surface area, while the parietal vault region expands with negative allometry ( Figure 1B) . During the late phase, the cerebellar fossa and endocranial vault regions exhibit less expansion than the basal region ( Figure 1B) .
Endocranial shape change during the fi rst years of postnatal life mostly refl ects changes in brain shape, because the neurocranial bones are not yet fused [3] . The pattern of early endocranial development thus likely refl ects substantial expansion of the cerebellum ( Figure 1B) , and of the temporal and frontal cortical poles relative to other brain regions. On the other hand, the pattern of late endocranial development mostly refl ects a decrease in brain growth rates during late childhood, while the cranial base continues to grow. As a result, endocranial sphericity is reduced toward adulthood ( Figure 1B) [6] .
Commonalities and differences between Neanderthal and modern human modes of endocranial development permit inferences on the evolutionary history of brain development. Differences in endocranial morphology at birth refl ect species-specifi c differences in brain and cranial development before birth, supporting earlier evidence for pervasive differences in prenatal skull development between species [1, 7] . The early postnatal mode of endocranial development, which was previously described as a uniquely human feature, is also present in the Neanderthals. It remains to be investigated whether it is a shared developmental feature of modern humans and Neanderthals already present in their last common ancestor, or whether it was not present in the last common ancestor, and evolved in parallel in Neanderthals and modern humans.
While early postnatal changes in endocranial shape are a proxy of brain development, the increase in endocranial volume is a proxy of brain growth. Tracking endocranial-volume expansion from birth to adulthood indicated that Neanderthals and Late Pleistocene modern humans followed largely similar brain growth trajectories [1] . Combining the evidence on brain growth [1] and brain development, we conclude that postnatal brain ontogeny was largely similar in Neanderthals and coeval modern human populations.
These fi ndings are in contrast with previous studies [2, 4] , which proposed species-specifi c differences in early postnatal brain development, and possible differences in cognitive development between Neanderthals and modern humans. The data provided here do not support this hypothesis, and are most parsimoniously interpreted as evidence for similar brain development, and similar cognitive development in Neanderthals and modern humans.
It is worth considering the potential signifi cance of Neanderthal-modern human similarities in brain and cognitive development in the light of genetic evidence for interbreeding across species boundaries [8] . Early brain and cognitive development is substantially infl uenced by an infant's socio-cultural environment [9] . Similar modes of brain and cognitive development in Neanderthals and modern humans might thus have facilitated the behavioral integration of Neanderthal-modern human offspring in their human 'host' groups, ultimately facilitating the introgression of Neanderthal alleles into the modern human gene pool [8] . Further research will be required, however, to test this hypothesis with genomic and archeological evidence documenting the complex spatiotemporal patterning of Neanderthal-modern human interactions [8, 10] . 
